Steady Collisionless Reconnection and Anomalous Resistivity in a Three-Dimensional Open System by R. Horiuchi et al.
§27. Steady Collisionless Reconnection and 
Anomalous Resistivity in a 
Three-Dimensional Open System 
Horiuchi, R., Ohtani, H., Ishizawa, A. 
Dynamical behavior of collision less magnetic 
reconnection and anomalous resistivity originated from 
wave-particle interaction have been investigated using 
three-dimensional electromagnetic particle simulation code 
developed for a microscopic open system in which there 
exist input upstream boundaries and free downstream 
boundaries [1,2,3]. 
Figure I shows the time history of four 
volume-integrated energies. The driving electric field 
imposed at the upstream boundary carries the plasma 
towards the current sheet and compresses it. Thus, each 
energy component increases in the early phase. The 
non-ideal effects such as inertia effect and meandering 
effect breaks the frozen-in condition of magnetic field in 
the central current region, and it leads to the penetration of 
the driving electric field into the current sheet. When the 
electric field reaches the neutral sheet, collisionless 
reconnection is triggered and the generated fast 
reconnection flow carries the magnetic flux towards the 
downstream region. 
The current sheet is split as a result of collisionless 
reconnection, and thus small islands appear in the 
downstream. Magnetic islands move toward the 
downstream boundary, accumulating the magnetic flux 
carried by the fast reconnection flow. When the magnetic 
islands move out though the boundary, the extra energy is 
suddcnly expelled from the system together with the 
magnetic islands. After this epoch, the system relaxes into 
a quasi-steady state in which the energy inflow is balanced 
with the energy outflow. 
A low-frequency EM instability, which is called 
drift-kink instability (OK!), is excited near the central 
region in this quasi-steady state. The current sheet is 
modified along the axis nonnal to the reconnection plane 
(z-axis). Figure 2 shows spatiotemporal structure of the 
n~1 mode of the magnetic field B, (top) and the electric 
field E, (bottom) where n is the Fourier mode along the 
axis. The electron flow 8vy crossing the neutral she~t is 
generated by the excited fields (88, and 8E,). This flow 
operates as resistivity on the equilibrium current flowing in 
the z-direction. 
Power spectrum of the OK mode is plotted in Fig. 3. The 
peak of the spectrum is located near the ion cyclotron 
frequency. Furthermore, the width of current sheet is 
comparable to the ion meandering amplitude. It is 
concluded that the OKl can be a cause of anomalous 
resistivity in the thin current sheet and the ion dynamics is 
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Fig. I. Time history of volume-integrated Ion, electron, 
magnetic and electric energies. 
Fig. 2. Spatiotemporal structure of the n~1 modes of the 
magnetic field B, (top) and electric field E, (bottom) in the 
(t,y) space where n is the Fourier mode along the z-axis and 




Fig. 3. Power spectrum of the n~1 mode of magnetic field 
8, for mass ratio is MilMe~IOO. 
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